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Abe&act-- The main products derived from the interaction of isosafrole with either benxenediazonium-2- 
carboxylate, or with anthranilic acid and amyl nitrite, are the phenanthrene derivatives expected from a 
Diels-Alder addition involving benzyne as an intermediate. With benxenediaxonium-2carboxylate 
hydrochloride and isosafrole, however, the chief product is rrans-3-(3’,4’-methylenedioxyphenyl)4methyl- 
3+dihydroisocoumarin. The reasons for this difference in behaviour are discussed. 

IN PART I of this series,’ we described a synthesis of phenanthrene derivatives that 
involved the addition of benzyne, generated by the aprotic diazotisation of anthranilic 
acid,3 to styrene and phenylacetylene derivatives. Since then benzyne has been added 
to styrene,4 and to a-methylstyrene.’ The products in the latter case were g-methyl- 
and 9benzylphenanthrenes. Tetrafluorobenzyne has been reacted with styrene to 
give6 1,2,3,4-tetrafluoro-9,10-dihydrophenanthrene and this reaction has been ex- 
amined in more detail by Heaney et al.’ 

One of the major by-products in our reaction was acridone, formed presumably by 
cycloaddition of benzyne to excess of anthranilic acid. In an effort to improve yields of 
phenanthrenes, we have now examined different methods for the generation of ben- 
zyne. The use of benzenediazonium-2-carboxylate’ as a benzyne precursor avoids 
acridone formation, but because this is potentially hazardous, we selected instead the 
benzenediazonium-2carboxylate hydrochloride9 method for study. The results 
obtained with isosafrole as benzyne acceptor were so different from our previous’ ones 
that we undertook a careful examination of the products obtained by generating 
benzyne from anthranilic acid under all three sets of conditions. 

Benzenediazonium-2carboxylate hydrochloride was reacted with isosafrole in 
boiling acetonitrile ; after removal of solvent, acidic material, and unchanged isosafrole, 
the product was chromatographed over silica gel. Nine compounds were isolated and 
character&d. The results are summarized in Table 1. The UV spectra of the 2,3- 
methylenedioxyphenanthrenes (la and lb) are sufficiently different from the spectra 
of the 3,4-methylenedioxyphenanthrenes (3 and 4) for a distinction to be made. The 
structure of 2a follows from the fact that dehydrogenation with loO/, Pd/C in xylene 
occurs to yield la, identical with an authentic’ specimen The UV and the mass 
spectrum of 2b suggested a 9,lOdibydrophenanthrene that differs from Za by an 
additional Ph group. The NMR spectrum (measured in CDCl, solution with TMS as 
an internal reference [Fig la] clearly shows that this phenyl group is located at ClO; 
the one proton doublet (J = 40 Hz) at 3.86 S is assigned to the Cl0 proton, whilst the 
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TABLE 1. htODUCr3 DERIVED FROM ISOBAFROLE 

Method* of Iknzyne Formation 

Compound 
No. 

III % yicldt 
I % yieldt H % yieldt 

a b 

19 0.8 17.1 5.3 3.9 
lb - - 05 
k 1.4 0.1 trace - 
2b 1.1 1.2 04 13.3 
3 1.2 8.1 3.2 1.0 
4 0.4 - - - 

5 @l - 1.6 
6 @7 - - 
7 95 - 

8 @4 2.8 0.9 2.3 

l MethodI: Benzenediazonium-Zkarboxylatc hydrochloride 
Method II : Aprotic diaxotisation 
Method III : Benxenediazonium-2cboxylate, (a) at room 
temperature; (b) in boiling acctonitirile 

t based on isosafrole consumed 

one proton multiplet at 3.02-3.30 6 arises from the &-proton. The &-Me group 
absorbs at 1.23 S as a doublet (J = 7 Hz). Dehydrogenation of 2h was eventually 
achieved with chloranil, or better with tetrachloro-o-benxoquinone, yielding lb, 
whose NMR spectrum, when compared with that of la (Fig 2) indicated that the 
methylenedioxy group is located at Cs, Cs. The assignments of protons in the aro- 
matic regions of these spectra agree with some reported previously.‘o 

Since the CL,-Me group of lb absorbs as a singlet at 234 S, there cannot be a proton 
at Cc. The Me absorption of la at 264 6 appears as a doublet (J = 10 Hz). 

The W spectra of 3 and 4 are similar, and their mass spectra indicated that 4 
contains a phenyl group more than 3. However, that 4 is a 3,4-methylenedioxy-9- 
methylphenanthrene, unsubstituted at Cl0 is evident from a comparison of the 
NMR spectra of 3 and 4 (Fig 3). Thus, the &-Me absorptions at 250 S in 4 and at 
260 8 in 3 both appear as doublets (J = la Hz) and (J = 1.1 Hz) respectively. Further- 
more, the presence of an AB quartet at 7.31, 7.23 and 7.13, 705 6 (J = 8 Hz) in the 
spectrum of 3, assigned to the C, and C, protons, and the absence of this quartet 
from the spectrum of 4 suggests that the Ph group in 4 is located at either C, or Cz. 
It has not been possible to distinguish between these alternatives. 

The molecular formula (Cs2H1s02) of 5 was established by high resolution mass 
spectrometry. The mass spectrum is very similar to that of 2b. The NMR spectrum 
compared with that of P (Fig lb) shows that both are 9-methyl-lO-phenyl-9,1@ 
dihydrophenanthrenes. Since zb is known to be the 2.,3-methylenedioxy derivative, 
it follows that 5 must be 3,4-methylenedioxy-9-methyl-lO-phenyl-9,1Odihydro- 
phenanthrcne. In accord with this structure is the presence of an AR quartet at 6.74, 
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666 and 664,6-56 6 (J = 7.8 I-Ix) in the spectrum of 5, assigned to the C, and Cz 
protons, while this quartet is absent from the spectrum of 2b, which has instead singlet 
peaks at 7.32 and 658 6 assigned to the C4 and C, protons It is interesting to note that 
in both these compounds the protons of the methylenedioxy group are non-equivalent. 

The dihydroisocoumarin structures 6 and 7 were established from analytical and 
spectral data The IR spectra exhibited strong carbonyl bands at 1720 cm- ‘, and the 
molecular ions at m/e 282 in their mass spectra are in agreement with the required 
formula of C,,H,IO,. The fragmentation patterns can be rationalized as shown in 
Fig 4. 

The NMR spectrum of 6 exhibited a three proton doublet (J = 7-5 Hz) at 1-O 6 

(CH,CH,< g a one proton multiplet (HJ centred at 3.15 6 and a one proton doublet 

(H,) at 56 6 (J = 30 Hz). The NMR spectrum of 7 is similar to that of 6 except that 
one proton doublet (HB) at 5.08 6 has J = 9.5 Hz The truns isomer 7 on treatment with 
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N-bromosuccinimide” in the presence of benzoyl peroxide, followed by dehydro- 
bromination yielded the isocoumarin 10, whose spectral characteristics are fully in 
accord with the structure assigned. 

An additional compound, C16H1402, was isolated from the reaction between 
isosafrole and benzenediazonium-2carboxylate hydrochloride. The presence of a 
vinyl group was indicated by bands at 928 and 1003 cm-’ in its IR spectrum, and this 
was confirmed by the appearance, in the NMR spectrum of the material, of a three 
proton complex absorption between 65-50 6. The structure 8 for the compound was 
confirmed by catalytic hydrogenation when one mole of gas was absorbed to yield 9, 
whose NMR spectrum is entirely in accord with this structure. 

The original’ reaction between isosafrole, anthranilic acid and amyl nitrite has 
been repeated, and in addition to the la, 3 and acridone reported previously, com- 
pounds 2q Zb, and 8 have been isolated in the yields indicated in Table 1. 

When benzenediazonium-2-carboxylate (11) was decomposed at room temperature 
in the presence of isosafrole, the products obtained were the same as those described 
in the aprotic diazotisation experiment, and in about the same ratios. In our pre- 
liminary publication,2 we suggested that the reduction in total yield in this experiment 
is due to a simple temperature effect. However, we have now repeated the reaction 
using boiling acetonitrile as solvent, and whilst the overall yield has been increased, the 
ratio of the products obtained has changed (Table 1). 2,3-Methylenedioxy-9-methyl- 
IO-phenyl-9,lOdihydrophenanthrene (2b) is now the major product. 

It is immediately evident from the above results that the mode of decomposition 
of benzenediazonium-2-carboxylate (11) closely parallels the behaviour of anthranilic 
acid when it is diazotised and heated in aprotic media, but that the properties of 

11 12 13 

henzenediazonium-2carboxylate hydrochloride (12) are quite different. In the first 
two cases, the losses of nitrogen and carbon dioxide, either occur simultaneously or 
follow one another very rapidly. The products obtained are then typically those 
expected from a benzyne intermediate. The formation of the dihydroisocoumarins 
(6 and 7), is consistent with loss of nitrogen from 12 to form12 the ion 13, which may 
either lose a proton and carbon dioxide to form benzyne, or may add to the double 
bond of isosafrole. More evidence for this stepwise decomposition of 12 to 13 has 
recently been provided. l3 It is possible that if a stronger base than propylene oxide 
were used, the life-time of 13, and hence the yield of dihydroisocoumarins, would fall. 
Conversely, if diphenyliodonium-2-carboxylate which is known l2 to decompose in a 
stepwise manner through 13 is used as the benzyne precursor, the yields of isocoumarin 
derivatives might be increased to a synthetically useful level. This point is under 
investigation. 

It has recently14 been demonstrated that the benzyne generated from six different 
precursors, including the aprotic diazotisation of anthranilic acid and the thermal 
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decomposition of benzenediazonium-2-carboxylate hydrochloride, has identical 
properties towards 1,4dimethoxyanthracene. Presumably this diene does not act 
as a trap to the ion 13, whereas isosafrole does. 

The isosafrole used in all of the experiments described above was in fact a mixture 
containing 05% safrole, 18.5% cis-isosafrole and 81Q!/, trams-isosafrole. The recovered 
isosafrole from the reaction of method II contained 0.75% safrole, 23.4% cis-isosafrole 
and 75*Y/, rrans-isosafrole (Experimental for details). The safrole derivative 8 clearly 
arises from the isosafrole and not from safrole in the starting material. The phenyl 
insertion product 8 may arise as indicated in 14, but equally a proton transfer rather 
than hydride ion transfer may occur. 

0 I’ 
//H A- 

0 -8 
( 1 d \ \ 

0 / 

14 

It seems that benzyne is acting as a dehydrogenating agent towards the 9-methyl- 
dihydrophenanthrene @a), and in keeping with this, the proportion of this 9,10- 
dihydrophenanthrene to phenanthrenes is higher when the hydrochloride salt is 
used than it is in either of the other two methods of benzyne generation. On the other 
hand, the 9-methyl-lO-phenyl-9,lGdihydrophenanthrene (2h) is very difficult to 
dehydrogenate and lb is only formed under the conditions of experiment IIIb. The 
lO-phenylphenanthrene derivatives might arise from 8 by isomerization and Diels- 
Alder addition to more henzyne, but it is more likely that phenyl insertion into the 
primary adduct 15 occurs. If this phenyl insertion is concerted, as established’ for the 
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15 

addition of benzyne to styrene, the resulting dihydrophenanthrene (2b) should be the 
trarzs-isomer; unfortunately we have no conclusive evidence on this point. The nhenyl 
insertion process is supported by the formation of Zh as the major product when 
benzenediazonium-2-carboxylate (11) is decomposed in the presence of isosafrole in 
boiling acetonitrile, since the generation of benzyne is now rapid and may thus be 
trapped by 15. As a corollary to this we would suggest that it is necessary for 15 to 
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rearrange to the 9,lOdihydrophenanthrene (2a) before dehydrogenation by benzyne 
can occur (15 -b 2r + la). 

TABLE 3. UV SPECTRA 

Compound 1, nm (log E) 

18 
lb 

251 (463), 257 (4&S), 283 (4.293, 325 (3.34), 333 (3.1 l), 341 (3.533 349 (3*10), 357 (3.59) 
253 sh (4.67), 258 (4.71). 277 (4.39), 283 (4463, 326 (3.32), 333 (304X 341 (3.40), 349 (299), 
353 (3.42) 

2a 214 (4.61), 238sh (4.24), 282 (4.13) 292sh (4=04), 422 (4.10) 
2b 214 (460x 237sh (4*28), 284 (4a), 293sh (3.95), 322 (4.05) 
3 215 (432), 241(4.51), 249 (464), 257 (4.56), 285 (4Q5), 316 (3.94), 354 (3.38), 372 (3.44) 
4 225 (450), 240 (448), 254 (4.57), 266 (4*59), 290 (4.21X 330 (4.12), 360 (3.59). 379 (3.53) 
5 234sh (4*17), 263sh (4.08X 272 (4.16), 284sh (3.97), 292 (3.77), 313 (3.50) 
6 235 (4.16), 289 (3.79) 
7 238 (4*20), 289 (3.93) 
8 238 (3.92), 287 (3.71), 316 (299) 
9 237 (3.47), 287 (3.39), 316 (2.63) 

10 230 (436), 304 (410) 

TABLE 4. NMR SPECTRA (60 MHz) 

Compound Chemical shifts in ppm from TMS internal standard 

k 

6 

7 

8 

9 

10 

7.7-74 [ 1 Ii, m, k-H), 7.3-7-2 [4H, Ar-H], 6.76 [ 1 H, C, or C.-N], 5.84 [2H, m, s, s, 
O-CH,-O], 3.2-2.4 [3H, m, C9-H and C,,-H,], 1.16 [3H, d, J = 6.5, C,-CH,] 
8.25-808 [lH, m, C,-H], 775-7.18 [3H, m, C1,6,,-H], 7S-6*84 [3H, m, C2.,,.,6.-H]. 
5.95 [2H, s, 0-CH,-O], 56S5.58 [ 1 H, d, J = 3, C,--H-J, 3.25-2.92 [ 1 H, C,-H], m, 
lG8-@95 [3H, d, J = 7.5, C,-CH,] 
8.25-8-07 [lH, C,-H], 7.76-7.23 [3H, C,,,,,-H], 6.95-6.8 [3H, Cl.,,.,e.-H]r m, m, m, 
5.94 [2H, s, O-CH,-O], 5.13-4.98 [ 1 H, d, J = 9.5, &--HI, 3+&3G6 [ 1 H, C,--H]. m, 
1.28-1.17 [3H, d, J = 7.5, C,-CH,] 
7.25 [5H, s, C,-Ph], 6.76668 [3H, Ar-H], 6.45-6.00 [lH, C,--H], m, m, 
5.89 [ZH, s, OXH,-O]. 52-58 [3H, m, C,-H and C,-H,] 
7.25 [SH, s, s, s, Ar-H]. 673 [3H, Ar-H]. 5.82 [ZH, MH,--O], 3.92-3-58 
[lH, t, J = 8.0, +-H-J, 2.25-1.76 [2H, m, CI-H,], 098-075 [3H, t, I = 8-O. C,--H,] 
8.52-8.28 [la C,-H]. 7.967.38 [3H, C,,,,,-H], 7.23-6.71 [3H, CI.,S.,,.-H], m, m, m, 
604 [2H, s. O-‘X,-O], 2.30 [3H, s, C,-CH,l 

The remaining NMR spectra any reproduced in the text, i.e. l$la !Q Fig. 2 (la, lb), Fig 3 (3,4). 
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It has recently been reported’ that 9,lOdihydrophenanthrenes axe not dehydro- 
genated by tetrahalogenobenzynes, but sinaz. the products obtained by the interaction 
of styrene with tetrafluoro- and tetrachlorobenzynes are different from those isolated 
when benzyne itself is usedP the discrepancy between this result and the interpretation 
we have placed on our results may not be fundamental We are examining this point 
further. 

EXPERIMENTAL 

IR spectra were recorded for nujol mulls in the case of solids, or for thin films in the case of liquids, 
using a Perk&Elmer 237 spectrophotometer. UV spectra were recorded for solns in EtOH, using Perkin- 
Elmer 137 or 402 spectrophotometers. NMR spectra were recorded for solns in CDCl, (TMS internal 
standard), using Varian A60 or HA 100 spectrophotometers. Mass spectra (70 eV) were recorded using 
A.E.I. MS 902 or MS 12 spectrometers. 

Column chromatography and TLC was on silica gel. GLC was run on a Pye series 104 chromatograph. 
fitted with a hydrogen flame ionization detector and a 5 R column (10% polyethykne glycol20M on AW/ 
HMDS treated 85-100 c&e), “/, composition was determined by peak area. 

The physical and spectral properties are tabulated in the text. M.ps are uncorrected 

Reaction of lsosafrole with Benzyne 

Method I--Decomposition of benzenediazonium-2-carboxylate hydrochloride 

A soln of isosafrole (48.9 g) and propylene oxide (28.5 ml) in acetonitrile (150 ml) was stirred and heated 
under reflux, whilst a slurry of benzenediazonium-2carboxylate hydrochloride (369 g) in acetonitrile 
(400 ml) was added during 2) hr. After further heating (2 hr) the solvent was removed under reduced press. 
A soln of the residual oil in ether was washed with 15% NaOHaq, water, dried (MgSO.), and evaporated. 
Distillation under reduced press yielded isosafrole (30.1 g. 62x), followed by a dark orange oil (10.3 g), 
b.p. 117-200”/0.2 mm. This oil was fractionated by chromatography on a silica gel column, eluted successively 
with light petroleum (b.p. -80”kbenzene mixtures, benzene, and benzencchloroform mixtures. The 
resultant fractions were treated by a combination of fractional crystallization and preparative TLC to 
yield the products listed in Table 1. 

Compounds 2a and 8 were not separated by TLC. GLC (220”, He flow 45 ml/min) gave8 24.5 min (21.4%) 
and 2a 54.3 min (78.6%). 

Method II--Aprotic diazotisation ojanthranilic acid 

A soln of isosafrole (69.6 g) in acetonitrile (250 ml) was stirred and heated under reflux, whilst solns of 
anthranilic acid (60 g) in acetonitrile (400 ml) and n-amyl nitrite (75 ml) in acetonitrile (125 ml) were added 
concurrently during 24 hr. After further heating (2 hr) the soln was evaporated to f bulk and allowed to 
cool, when acridone (2.72 9) separated. The solvent was removed from the filtrate under reduced press and 
the residue dissolved in ether, when more acridone (@77 g) separated. The ethereal soln was washed with 
15% NaOHaq, water, dried (MgSO,), and evaporated After removal of a yellow solid (409 gh the residual 
oil was distilled under reduced prffs lo yield isosafrole (43.7 g 63x1 followed by an orange oil (981 gh 
b.p. 1&198”/@3 mm Trituration of this oil with an ether-light petroleum (b.p. 3w) mixture yielded 
further pale yellow solid (4.20 g). The two solid fractions were combined and separated by preparative TLC, 
to yield compounds la and 3. The residual oil was fractionated and purified products isolated as in Method I. 
The total products isolated are listed in Table 1. 

Compounds 8 and 2a were not separated by TLC. GLC (220”. He flow 40 ml/min) gave 8 25.1 min 
(92.8x), unknown compound (M’ 238) 35.2 min (3,1x), t 546 min (4a%). The isosafrok recovered from 
the reaction was examined by GLC (160”, He flow 40 ml/min), found safrole 1@21 min (@75%), cis-isosafrole 
13.26 min (23.4%), trans-isosafrole 17.95 min (75.9%). This compared with isosafrole before reaction; 
safrole 1@20 min (O.S%), cis-isosafrole 13.21 min (18.5x), trans-isosafrole 1792 min (819%). 
Method Ill-Decomposition of benzenediazonium-2-carboxylate 

(a) At room temperature. Ecnzenediazonium-2-carboxylak Cprepare& from anthranilic acid (13.4 gH, 
isosafrole (29.7 g), and acetonitrile (500 ml) were stirred at room temp for 16 hr. Afta heating under relux 
for 24 hr. the solvent was removed unda reduced press. A soln of the residual oil in ether was washed with 
15% NaOH aq, water, dried (bigSO& and evaporated. Distillation under reduced press yielded isosafrole 
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(19.7 g, 66%), followed by an orange oily solid (502 g), b.p. 106-236”C/O*2 mm. Fractionation by preparative 
TLC and recrystallization yielded the products listed in Tabk 1. 

(b) At the b.p. of acetonitrile. A soln of isosafrole (292 g) in acetonitrik (250 ml) was stirred and heated 
under reflux. whilst an ia cold slurry of benzenediazonium-2carboxylate Iprepared from anthranilic 
acid (164 g)] in acctonitrile (250 ml) was added during 1 hr. After further heating (2 hr), the solvent was 
removed under reduced press. The residual oil was treated in the manncT of Methai llla to yield isosafrole 
(16.3 g 55%) and the products listed in Tabk 1. 
Dehydrogenation of 2,3-methylenedioxy-9-methyl-9,1O-dihydrophenanthrene (2a) 

Compound ZI (009 g) was heated under reflux in xylene (5 ml) with 5% W/C (@5 g) for 48 hr. 
2,3-Methylenedioxy-9-methyl-phenanthrene (la) (ME5 g, 95x), m.p. 139-41’ from EtOH, was produced. 
Identical (mixed m.p, IR, UV, MS) with authentic’ sample. 
Dehydrogenation of2,3-methylenedioxy-9-methyl-IO-phenyl-9,1O-dihydrophenanthrene (2b) 

A soln of 2b (0101 g) and tetrachloro-Qquinone (0097 g) in xylene (3 ml) was heated under reflux for 
34 hr. cooled, and the solvent removed under reduced press. A soln of the residue in ether was washed several 
times with 2% NaOH aq, water, dried (MgSOI), and evaporated. Fractionation of the residue by preparative 
TLC yielded unchanged 2b (Om g, 8x), and lb (0.040 g, 43%). colourless needles from EtOH, m.p. 167- 
170”. Identical with material isolated in Method IIIb above. 
Dehydrogenafion” of trans-3-(3’,4’-methylenedioxypheny[)-4-me~hyl-3,~dihydroi~c~ar~ (7) 

Compound 7 (05 g), N-Bromosuccinimide (@36 g), and benzoyl peroxide (05 g), in Ccl, (15 ml) were 
heated under reflux for 1 hr. close to an illuminated 6Uwatt bulb. The orange colour, which developed, was 
discharged. Further benzoyl peroxide (0005 g) was added and heating continued for 1 hr. The soln was 
cooled and filtered from succimmide, the filtrate and tbe washings were washed with YA Na,CO,aq. water, 
dried (MgSO.), and evaporated. The colourless oily residue was heated under reflux with triethylamine 
(10 ml), after 24 hr further triethylamine (5 ml) was added and heating continued for 17 hr. Triethylamine was 
removed under reduced press. A soln of the residue in chloroform was washed with ice cold 2N HCl, water, 
dried (MgSO,), and evaporated. Repeated purification by preparative TLC, followed by recrystallization 
from MeOH gave 343’,4’-methylenedioxyphenyfj+methyl-isocoumarin (lo), colourless prisms (0.185 g, 
37”/,), m.p. 138-140”. 
Hydrogenation of3-phenyI-3-(3’,4’-methyknedioxyphenyl)-prop-l-ene (8) 

Compound 8 (0.204 g, -93% pure) in EtOH (5 ml) was hydrogenated at atm press and room temp in 
the praence of 10% Pd/C (0044 g), when 90”/, of the theoretical amount of H, was absorbed. The soln was 
filtered and evaporated to leave a brown oil. After purification by preparative TLC, 9, was obtained as a 
colourless oil (0153 g, 76 ‘A) GLC (220”. He flow 40 ml!min) gave 9 23.3 min (93.7 “A), unknown compound 
(M’ 240) 27.3 min (3.6x), and a 550 min (2.02,). 
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